We studied 52 patients, each with a lumbosacral transitional vertebra. Using MRI we found that the lumbar discs immediately above the transitional vertebra were significantly more degenerative and those between the transitional vertebrae and the sacrum were significantly less degenerative compared with discs at other levels. We also performed an anatomical study using 70 cadavers. We found that the iliolumbar ligament at the level immediately above the transitional vertebra was thinner and weaker than it was in cadavers without a lumbosacral transitional vertebra.
We studied 52 patients, each with a lumbosacral transitional vertebra. Using MRI we found that the lumbar discs immediately above the transitional vertebra were significantly more degenerative and those between the transitional vertebrae and the sacrum were significantly less degenerative compared with discs at other levels. We also performed an anatomical study using 70 cadavers. We found that the iliolumbar ligament at the level immediately above the transitional vertebra was thinner and weaker than it was in cadavers without a lumbosacral transitional vertebra.
Instability of the vertebral segment above the transitional vertebra because of a weak iliolumbar ligament could lead to subsequent disc degeneration which may occur earlier than at other disc levels. Some stability between the transitional vertebra and the sacrum could be preserved by the formation of either an articulation or by bony union between the vertebra and the sacrum through its transverse process. This may protect the disc from further degeneration in the long term.
The iliolumbar ligament connects the transverse process of the fifth lumbar vertebra to the ilium, stabilising onto the pelvis (Fig. 1) . There have been a number of reports concerning its anatomy and biomechanical functions, [1] [2] [3] [4] [5] [6] [7] [8] [9] but only a few on its clinical significance because of the difficulty in accurately determining biomechanical strength and size in vivo . [10] [11] [12] Aihara et al 12 performed an anatomical study of the iliolumbar ligament in association with degeneration of the lumbosacral disc. They concluded that if the iliolumbar ligament in men was longer and had a smaller cross-sectional area, the lumbosacral junction could not be adequately stabilised by the ligament, resulting in advanced L5-S1 disc degeneration. They also concluded that the cross-sectional area of the iliolumbar ligament may be related to degeneration of the lumbosacral disc in women. However, in that study, cadavers with a lumbosacral transitional vertebra were not included.
Elster 13 suggested that movement between the transitional vertebra and the sacrum was very limited, whereas the disc space above the transitional vertebra was more mobile. He proposed that hypermobility at the interspace above the transitional vertebra resulted in an increased risk of subsequent disc degeneration. However, he could not identify any studies in the literature on the biomechanics of transitional vertebrae. We have suggested that hypermobility at the vertebral segments above the transition, with the subsequent risk of disc degeneration, is due to the biomechanical strength of the iliolumbar ligament at the level immediately above the transitional vertebra.
To the best of our knowledge, there have been no studies which have demonstrated the morphology of the iliolumbar ligament in association with the lumbosacral transitional vertebra. In addition, there have been only two previous reports in the literature concerning degeneration of the intervertebral disc in association with lumbosacral transitional vertebrae, based on MRI. 14, 15 In this study we have attempted to determine the influence of the lumbosacral transitional vertebra on disc degeneration and establish whether the morphology of the iliolumbar ligament is involved in degeneration associated with a lumbosacral transitional vertebra.
Patients and Methods
Clinical study. We examined the lumbar spines of 66 patients with a type II, type III or type IV lumbosacral transitional vertebra according to Castellvi, Goldstein and Chan, 16 using plain radiography and MRI. All the patients had low back pain with or without sciatica. From this group, we excluded ten patients with L4 degenerative spondylolisthesis, two with L4 spondylolytic spondylolisthesis, one who had undergone previous lumbar spinal surgery, and one with L3 degenerative spondylolisthesis. As stated by Vergauwen et al, 17 the entire spine is not always visualised and so identification of the fifth lumbar vertebra is not always possible. Therefore, the vertebra immediately above the transitional vertebra was termed L4. Our remaining 52 patients consisted of 27 men with a mean age of 53.4 years (13 to 86) and 25 women with a mean age of 47.8 years (16 to 80). The ages of the men and women were compared using an unpaired ttest, but there was no significant difference (p = 0.28).
Using plain radiography, the lumbosacral transitional vertebrae were classified according to Castellvi et al. 16 In type I there is a large transverse process, in type II there is a diarthrodial joint between the transverse process and the sacrum (a, unilateral; b, bilateral), in type III a true bony union between the transverse process and the sacrum (a, unilateral; b, bilateral), and in type IV there is type II on one side and type III on the other. Castellvi et al 16 reported that there were no clinical differences between patients with a type-I transitional vertebra and the normal population. As described by Wigh and Anthony, 18 when the lowest lumbar transverse process was simply enlarged, this is not a sign of the vertebra being transitional. Therefore, in our study all patients with a type-I transitional vertebra were excluded. 19 Using T2-weighted sagittal MRI, the grade of L2/3, L3/4, L4-transitional vertebra (TV) and TV-S1 disc degeneration was determined according to the criteria described by Thompson. 11, 20 The T2-weighted sagittal images (repeat time/echo time [TR/TE] 3000/100 ms) were obtained with a 0.5 T MRI unit (MRVectra; GE Yokogawa Medical Systems, Tokyo, Japan). The grade of disc degeneration was determined by assessing the degenerative status of the nucleus pulposus, annulus fibrosus, the vertebral end-plate and the vertebral body. Grade I indicated normal and grade V the most advanced degeneration. 20 In our study, we scored degeneration using a scale of 1 to 5, based on grades I to V according to Thompson's criteria. 21, 22 We compared the grades of disc degeneration using Scheffe's F test for differences in L2/3, L3/4, L4-TV and TV-S1 levels. Miller et al 21 reported that male lumbar discs were significantly more degenerative than female lumbar discs for most age groups. They suggested that higher mechanical stress on the male intervertebral disc may contribute to its earlier and more severe degeneration. Therefore, men and women were evaluated separately in our study. Since the grade of lumbosacral disc degeneration has been shown to be influenced by age, 23, 24 we also separately analysed the younger 14 men with a mean age of 38.6 years (13 to 54), the older 13 men with a mean age of 69.4 years (59 to 86), the younger 12 women with a mean age of 31.3 years (16 to 50) and the older 13 women with a mean age of 63.0 years (51 to 80). A p value of less than 0.05 was considered to be statistically significant. Anatomical study. We dissected 78 cadavers and performed anteroposterior and lateral radiography of the lumbosacral spine. From this group we excluded four cadavers with ossification of the iliolumbar ligament and four with an L5 spondylolisthesis. Of the remaining 70 cadavers, eight had a lumbosacral transitional vertebra (types II to IV of Castellvi et al 16 ). Of these, four were men and four were women, with a mean age at death of 75.1 years (63 to 90). Of the 62 cadavers without a lumbosacral transitional vertebrae, 30 were men and 32 were women with a mean age at death of 73.0 years (39 to 102). There was no significant difference in age between the cadavers with a lumbosacral transitional vertebra and those without (unpaired t -test, p = 0.65).
We compared the morphology of the iliolumbar ligament in the eight cadavers with a lumbosacral transitional vertebra and the 62 cadavers without.
Results
Clinical study. A type-IIa transitional vertebra occurred in ten men and ten women, type IIb in one man and three women, type IIIa in four men and four women, type IIIb in 11 men and five women and type IV in one man and three women.
The disc degeneration and mean degeneration scores at each level in men and women are shown in Table I . The discs immediately above the L4-TV were significantly degenerative compared with those at other levels. However, there was no significant difference between L2/3 and L3/4 levels in terms of disc degeneration (men: p = 0.85; women: p = 0.96). The discs between the transitional vertebra and the sacrum TV-S1 were significantly less degenerative than those at other levels. Only two discs in men and three in women were not degenerative immediately above the L4-TV. However, 93% of the discs in men and 88% of the discs in women were degenerative immediately above the transi- tional vertebra. Discs in three men and two women were slightly vestigial between the transitional vertebra and the sacrum (TV-S1), but they were not devoid of nuclear material or degenerative. Only two discs in men and four in women were mildly degenerative between the transitional vertebra and the sacrum (TV-S1). However, 89% of the discs in men and 76% in women were not degenerative between the transitional vertebra and the sacrum (Table I) . The mean degeneration scores at each level in the 14 younger and the 13 older men are shown in Table II . In the younger group, the discs immediately above the L4-TV were significantly degenerative compared with those at other levels. The L3/4 discs were also significantly degenerative compared with the discs between the transitional vertebra and the sacrum in the 14 younger men. In the 13 older men, the discs between the transitional vertebra and the sacrum S1 were significantly less degenerative compared with those at other levels (Table II) .
The mean degeneration scores at each level in the 12 younger and 13 older women are shown in Table II. In the 12 younger women, the discs immediately above the L4-TV were significantly degenerative compared with those at other levels. In the 13 older women, the discs between the transitional vertebra and the sacrum TV-S1 were significantly less degenerative compared with those at other levels (Table II) . Anatomical study. The morphology of the iliolumbar ligament at the level immediately above the transitional vertebra is shown in Table III . At this level it was much thinner and weaker than the L5 branches in cadavers without a lumbosacral transitional vertebra (Fig. 2) . Although it was difficult to differentiate between anterior and posterior bands of the iliolumbar ligament in several specimens, six * TV, transitional vertebrae † significant difference between levels L2/3 and L4-TV (p = 0.0005), levels L3/4 and L4-TV (p = 0.0099), levels L4-TV and TV-S1 (p < 0.0001), levels L2/3 and TV-S1 (p = 0.0002) and between levels L3/4 and TV-S1 (p < 0.0001) ‡ significant difference between levels L2/3 and L4-TV (p = 0.0015), levels L3/4 and L4-TV (p = 0.0085), levels L4-TV and TV-S1 (p < 0.0001), levels L2/3 and TV-S1 (p = 0.027) and between levels L3/4 and TV-S1 (p = 0.0056) * TV, transitional vertebrae † significant difference between levels L2/3 and L4-TV (p < 0.006), levels L3/4 and L4-TV (p < 0.02), levels L4-TV and TV-S1 (p < 0.005), and between levels L3/4 and TV-S1 (only in men, p = 0.0081) ‡ significant difference between levels L2/3 and TV-S1 (p < 0.002), levels L3/4 and TV-S1 (p < 0.005), and between levels L4-TV and TV-S1 (p < 0.0001) 
Photograph of a 74-year-old male specimen with a lumbosacral transitional vertebra (Castellvi type IIa). On the right (R) the anterior band of the iliolumbar ligament immediately above the transitional vertebra is much thinner than the normal L5 branch; the posterior band is missing. That on the left (L) at the same level seems to be fascia rather than a ligament. The posterior band is missing.
of the anterior and 11 of the posterior bands at this level had the appearance of fascia rather than ligament. Furthermore, three of the anterior and posterior bands of the iliolumbar ligament were missing at the level immediately above the transitional vertebra. The iliolumbar ligament at the transitional vertebra consisted of dense fibrous tissue firmly connected to the ilium without an identifiable ligament. In the case of a type-IIa or type-IIIa transitional vertebrae, the transverse processes of the normal side (opposite side to the diarthrodial joint or the bony union) showed a thick, strong iliolumbar ligament extending to the ilium. The L4 branches of the iliolumbar ligament of the cadavers without a lumbosacral transitional vertebra were preserved in several of the specimens and were much thinner and weaker than the L5 branches.
Discussion
It is difficult to visualise the iliolumbar ligament in vivo by imaging techniques because of the complexity and variability of the musculotendinous, fascial and ligamentous structures present in the lumbosacral region. 10, 12, 25 Basadonna, Gasparini and Rucco 26 reported an analysis by MRI of the anatomical characteristics of the insertion of the iliolumbar ligament in men. However, major problems remain in determining the biomechanical strength of the iliolumbar ligament and accurately delineating its morphology in vivo . Therefore, we compared the morphology of the ligament in the eight cadavers with a lumbosacral transitional vertebra with that in the 62 cadavers without.
Previous studies have reported that injuries, extreme loading, and rotational stress are important aetiological factors in disc degeneration. 27 Farfan et al 28 and Farfan 29 have suggested that torsional load is the mechanical basis for disc degeneration. They demonstrated how the iliolumbar ligament provides torsional stability and therefore protects the lumbosacral disc from degeneration, especially in the presence of facet pathology. 25 Aihara et al 12 reported that if the iliolumbar ligament in men was short and had a large cross-sectional area (especially the posterior band of the ligament), the lumbosacral junction could be stabilised by the ligaments thereby avoiding L5-S1 disc degeneration. However, the L4/5 disc may be prone to degeneration and the cross-sectional area of the iliolumbar ligament, especially the posterior band, may have a role in lumbosacral disc degeneration in women. Miller et al 21 reported that the L3/4 and the L4/5 discs were significantly degenerative compared with the L2/3 disc, although there were no significant differences in the grade of degeneration between the L5-S1 disc and the L3/4 or L4/5 discs. We suspect that this is because the iliolumbar ligament protects the L5-S1 disc from degeneration.
Keim stated that lumbosacral transitional vertebrae produced abnormal torque moments at the vertebral segments above the transition, and that this could eventually result in disc degeneration. 16 We think that hypermobility and abnormal torque moments at the vertebral segments above the transition, which subsequently can lead to disc degeneration are because the iliolumbar ligament at that level is thinner and weaker, especially the posterior band, than the normal L5 branches. We also think that movement between the transitional vertebra and the sacrum is probably very limited owing to articulation or bony union of this vertebra with the sacrum through its transverse process and also to the iliolumbar ligaments at the transitional vertebra, dense fibrous tissue or thick strong ligaments firmly connecting to the ilium. Therefore, the discs between the transitional vertebra and the sacrum were not degenerative. It is difficult to know whether the iliolumbar ligaments were thin and weak before disc degeneration occurred or whether this was secondary to the degeneration. To our knowledge, this has not been previously reported. We suspect that the disc degeneration above the transitional vertebra is created by a congenitally thin and weak iliolumbar ligament.
Luoma et al 14 reported that the transitional vertebra was associated with an increased risk of degenerative changes in the disc above in young men (18 to 20 years) and with a decreased risk in the disc below in middle-aged men (40 to 45 years). In our study, the discs immediately above the transitional vertebra were significantly degenerative compared with those at other levels in younger men (mean age of 38.6 years) and women (mean age of 31.3 years). The L3/4 discs were significantly degenerative compared with those between the transitional vertebra and the sacrum in the younger men. There was no significant difference between the ages of the younger men and women. The grade of lumbosacral disc degeneration is thought to be influenced by age. 23, 24 Miller et al 21 reported that male lumbar discs were significantly more degenerative than female discs across most age groups, and suggested that higher mechanical stress on the male intervertebral disc may contribute to its earlier and more severe degeneration. We suspect that in younger men, the L4-TV discs were already degenerative, the L3/4 discs were also degenerative, but L2/3 discs were not yet so degenerative and TV-S1 discs
were not yet degenerative at all. In the younger women, the L4-TV discs were already degenerative, while L2/3, L3/4 and TV-S1 discs were not yet so degenerative.
In our study, the discs between the transitional vertebra and the sacrum were significantly less degenerative compared with those at other levels in the older men and women. We consider that in these groups the L4-TV discs were already degenerative and the L3/4 and L2/3 discs were also degenerative but the TV-S1 discs were as yet not very degenerative. It is generally thought that man has problems in the lower lumbar spine because of his upright stance and associated axial loading together with the shear forces which are greatest in the lower lumbar region. Hypermobility and altered stresses become concentrated at the level immediately above the transitional vertebra. 17 We consider that the hypermobility and abnormal torque moments at the level immediately above the transitional vertebra are more severe than at the other levels. This exposes the discs immediately above the transitional vertebra to the potential of degeneration earlier than at other disc levels. It is likely that movement between the transitional vertebra and the sacrum is very restricted, and therefore the disc at this level does not become so degenerative with ageing.
In vivo , a number of anatomical and other factors may influence lumbosacral disc degeneration. 21, 23, 24, 27 Battie et al 24 found unexplained variability in the lower lumbar region. Our study demonstrated that instability of the vertebral segments above the transitional vertebra because of the weak iliolumbar ligaments could subsequently lead to disc degeneration sooner than in the discs at other levels. The stability between the transitional vertebra and the sacrum arises from the formation of either an articulation or by bony union of this vertebra with the sacrum through its transverse process. Also the iliolumbar ligaments at the transitional vertebra consist of strong, dense fibrous tissue which may offer further protection against disc degeneration.
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